5,920 incident cases of Type i (insulin-dependent) diabetes mellitus diagnosed under the age of 15 years, during 1965-1984. The incidence was higher for males 29.2/100,000 (95% confidence intervals 28.2-30.2/100,000) than for females 26.1/100,000 (25.1-27.1/100,000). A non-linear increase in incidence with age was confirmed, with peaks at ages 2, 9 and 14 years in males and at 3, 5-6 and 11 years in females. A significant temporal variation in incidence was found, adjusting for age and sex. During 1965 to 1984 the incidence rose by about 57% or by 2.4% annually. However, a non-linear curve with two incidence peaks in 1978 and 1983 would better describe the temporal pattern than a linear trend. There was no significant difference in the temporal variation between males and females. The changes in diabetes risk appeared to affect proportionally all age groups under 15 years. Two possible mechanisms were explored: a calendar period effect vs a birth cohort effect. The calendar time period effect was significant alone and also when adjusted for the birth cohort effect. One the contrary, the birth cohort effect was not significant, when adjusted for the calendar period effect. In conclusion, over the past two decades, the incidence of childhood Type i diabetes in Finland has increased by about 57%. The pattern of change was a steady rising background incidence superimposed by sudden outbreaks suggesting environmental causative factors.
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5,920 incident cases of Type i (insulin-dependent) diabetes mellitus diagnosed under the age of 15 years, during 1965-1984. The incidence was higher for males 29.2/100,000 (95% confidence intervals 28.2-30.2/100,000) than for females 26.1/100,000 (25.1-27.1/100,000). A non-linear increase in incidence with age was confirmed, with peaks at ages 2, 9 and 14 years in males and at 3, 5-6 and 11 years in females. A significant temporal variation in incidence was found, adjusting for age and sex. During 1965 to 1984 the incidence rose by about 57% or by 2.4% annually. However, a non-linear curve with two incidence peaks in 1978 and 1983 would better describe the temporal pattern than a linear trend. There was no significant difference in the temporal variation between males and females. The changes in diabetes risk appeared to affect proportionally all age groups under 15 years. Two possible mechanisms were explored: a calendar period effect vs a birth cohort effect. The calendar time period effect was significant alone and also when adjusted for the birth cohort effect. One the contrary, the birth cohort effect was not significant, when adjusted for the calendar period effect. In conclusion, over the past two decades, the incidence of childhood Type i diabetes in Finland has increased by about 57%. The pattern of change was a steady rising background incidence superimposed by sudden outbreaks suggesting environmental causative factors.
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The adoption of standard epidemiological methods and criteria for Type i (insulin-dependent) diabetes mellitus in epidemiologic studies [1] , has made it possible to study the variation in the incidence of Type 1 diabetes. Such research has largely focussed on geographic variation [1] [2] [3] [4] . In some populations also temporal variation in the incidence has been assessed, but either the observation period was short, or the number of cases diagnosed during each calendar year too small for a reliable trend assessment [5] [6] [7] [8] [9] [10] [11] .
There are three distinct sources that may result in a change in the incidence [12, 13] 1. period effect, i.e. a change with time across all age groups, 2. age effect, i. e. a change in age relation of the disease risk and 3. cohort effect, i.e. sustained differences in the risk among different birth cohorts.
Age-period-birth cohort techniques are increasingly used in the evaluation of disease trends, particularly cancer [12, 13, 15] and substance abuse [16] . Recently, these techniques have also been applied to incidence data of Type 1 diabetes [10, 11] . Earlier data have demonstrated a marked increase in the incidence of Type i diabetes in Finnish children during the past decades [16, 17] in the country where the incidence is the highest in the world [3, 4] .
The purpose of this paper is to describe the 20-year trend in the incidence of Type i diabetes in Finland and to determine which of the three potential effects account mainly for the variation in the incidence.
Subjects and methods

Case definition of childhood Type 1 diabetes
Cases were selected for inclusion into the present analysis if they fulfilled the following standard case definition criteria for childhood Type 1 diabetes: 1.) Diagnosed as being diabetic. 2.) Placed on insulin therapy before the 15th birthday. 3.) Resident in Finland at the time of the first administration of insulin. 
Population at risk
Population data were obtained from the Social Insurance Institution. The denominator data were available by sex, calendar year and by 5-year age groups for the years 1965-1975, and by each year of age for the years 1976-1984.
For the period 1965-1975 the estimated population denominators by each year of age were obtained through a cohort-wise, margin-adjusted interpolation [18] of the population data available for 5-year age groups.
Statistical analysis
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GLIM [20] . The risk of developing Type 1 diabetes under the age of 15 years was modelled as a function of age, sex, calendar year (period), birth cohort, and interactions between these factors. To break the exact linear dependency between the age, period, and cohort indices, which creates the identifiability problem, the annual age and period categories were used and birth cohorts were grouped into 20 categories. Patient's birth cohort was calculated as follows:
birth cohort = year of diagnosis -(age + 1)
The seven extreme birth cohort categories (1950-1954, 1955-1956, 1957-1958 and 1972-1973, 1974-1975, 1976-1978, 1979-1983) consisted of more than one calendar year cohort. Thirteen central cohort categories theoretically covered one year, with a maximal overlap of one year on both sides. This technique of birth cohort categorization was used to assure a balance in the degree of adjustment for cohort effect vs calendar period effect and has been discussed in more detail elsewhere [10] .
The significance of the main effects and their interactions was assessed using likelihood ratio statistics, and a forward stepwise approach was used to select the significant predictors. The number of incident cases (Y) in a particular group during a particular period was assumed to have a Poisson distribution with a mean (Nr), where (N) is the population at risk in that group and (r) is the risk of developing diabetes during that period. The risk (r) is modelled as a multiplicative function of the explanatory variables, or equivalently, the logarithm of the risk can be modelled as an additive function of the predictors [20] .
Obtained 'deviance' is a measure of the discrepancy between the observed and fitted values in generalized linear models (21). The baseline was females in the youngest age category in 1965. No adjustment was made for multiple comparisons.
Results
Descriptive analysis
During 1965 to 1984, the mean annual incidence of Type 1 diabetes in Finnish males, 29.2/100,000 (95% confidence intervals [CI] 28.2-30.2), was significantly higher than in females, 26.1/100,000 (CI 25.1-27.1) ( Table 1 ). The age distribution of the incidence is shown in Figure 1 . The increase in incidence with age was non-linear. The direct age-standardization [19] assumed the standard population for both sexes to be distributed as follows: age-group 0-4 years, 33%; age-group 5-9 years, 33%; age-group 10-14years, 34% according to the previous comparative studies for childhood Type 1 diabetes [2, 3] .
Poisson regression models were fitted to the annual incidence data using maximum likelihood estimation in the statistical package The age-adjusted annual incidence (males and females together) varied markedly over time. It was lowest in 1966 (20.4/100,000) and highest in 1983 (38.0/100,000). For exploratory analysis of the temporal variation in the incidence of Type 1 diabetes, sex-specific age-adjusted rates (Fig. 2) , and age specific rates separately for males and females in the three age-groups (Fig. 3) were plotted.
There were some differences in the variation in incidence between males and females although not statistically significant. The 1982-1983 peak was not clearly present in females. The increase in the age-adjusted incidence from 1965-1967 to 1982-1984 was 64% in males and 48% in females. The age group specific changes in the incidence were 103%, 74% and 32% in males and 34%, 71% and 37% in females aged 0-4 years, 5-9 years and 10-14 years, respectively. There was an overall parallelism of the age-specific time curves in both sexes (Fig. 3) . In females, however, the incidence for these two oldest 5-year age groups came somewhat closer in 1973 and remained nearly the same since that time. An interaction term period*sex was added to model 5, but no significant difference in the time trend between the sexes was found (model 7).
Regression modelling
A possible interaction of calendar time period with age was formally tested in model 8 where age was grouped into three 5-year categories. There was no evidence for differences in the increase in the incidence by age, i. e. the relative increase with time was practically the same across all ages.
Finally, we tested whether birth cohort effect could better explain the observed change in the incidence than the calendar period effect. The birth cohort effect was not statistically significant over and above the calendar time period effect (model 9). On the contrary, the calendar time period still remained significant, after the adjustment for the birth cohort effects, as demonstrated by worsening of the fit when the calendar time period effect was dropped from the model (model 10).
The trend predicted from model 5 was plotted and compared to the crude observed rates (Fig. 4) . No simple Table 2 describes the overall results from the regression modelling of the risk of Type i diabetes. Age was the strongest predictor of the risk (model2). Both sex (model 3) and interaction of age and sex (model 4) were also significant. Therefore, the evaluation of the temporal variation in incidence, was done after adjusting for the effects of age and sex. There was a statistically significant (p < 0.001) temporal variability (model 5), also evident from inspection of Figure 2 . To assess whether this temporal pattern could adequately be described as a linear trend, the categorical period variable was replaced by a linear term for period (with one degree of freedom). The resulting model (model 6) fitted the data significantly worse than the non-linear model (model 5). However, most of the increase in incidence was explained by a linear trend. According to the categorized into 20 groups (Table 1) . Trend represents a linear term for the calendar year effect. Age3 denotes the age variable categorized into three groups 6-4, 5-9, and 16-14 years curvilinear function could be suggested from the plot. Using Wald's statistic [20] , it can be estimated that the incidence during 1974-1978 and 1981-1984 was significantly higher than baseline.
Discussion
The present data from Finland covering the 20-year period 1965-1984 demonstrated a marked increase of about 60% or 2.4% per year in the incidence of Type 1 diabetes in Finnish children during the 20-year period 1965-1984.
The incidence of childhood Type 1 diabetes in Finland increased continuously, but in a non-linear manner. The trend was similar in both sexes and in the three age groups of 0-4, 5-9 and 10-14 years. However, the two oldest 5-year age groups became close to each other, and in females the incidence trends for 5-9 year old and 10-14 year old were superimposed since 1973. These results were almost identical with the findings from Sweden [11] . The incidence of childhood Type 1 diabetes in Finland has increased without any doubts since the early 1950's when the first nationwide incidence study was carried out [22] . Nevertheless, it has not beer~ clear whether this was due to a secular increase, a birth cohort effect or a change in age distribution. To investigate this issue properly we applied an age-period-cohort analysis which has not been widely used for childhood Type 1 diabetes, mainly because the standardized incidence estimates have not been available for most populations for a sufficiently long time period. Moreover, in many registries for childhood Type i diabetes, the number of cases per year has been too small to detect spurious trends or to provide sufficient power for statistical inferences from the time trends in incidence.
Our present study in Finland covers so far the longest period i. e. 20-years with a large number of cases per year. Roughly, about 200-300 cases per year are needed in. order to establish a statistically significant trend in incidence with about 2% increase per year. Another important issue for the assessment of incidence trends is the caseascertainment rate which in Finland is high, approaching 100% [16] . We can argue that the possibility that the false positives or false negatives have influenced the rates, is very small. According to our results the increase in the incidence of Type 1 diabetes was neither due to a change in the age distribution nor in the age-relation of the incidence among Finnish children during [1965] [1966] [1967] [1968] [1969] [1970] [1971] [1972] [1973] [1974] [1975] [1976] [1977] [1978] [1979] [1980] [1981] [1982] [1983] [1984] . Since the increase in diabetes risk appears to be real, two aetiologic possibilities need to be explored: genetic or environmental influences.
The major genetic susceptibility to Type 1 diabetes is conferred by genes in the HLA region located on the short arm of the chromosome 6 and genetic differences may account for much of the geographic variation in incidence. However, it is not likely that such a rapid increase observed in Finland over 20 years is mainly due to genetic factors. It is clear from twin studies that less than one-third of the people who are genetically susceptible will develop overt disease [23] . Since the discovery and availability of insulin the survival of Type 1 diabetic patients has gradually improved. With the ever improving survival of diabetic patients, the number of genetically susceptible people has surely increased. However, if this were the main reason for the increase in incidence the birth cohort effect should be more pronounced. Our results lend strong support to the importance of a common environmental factor (or factors) for the high risk of Type i diabetes and for the steep increase in incidence. First, the increase was proportionally similar in different age groups. Secondly, the increase did not completely follow a linear pattern, but the data are suggestive of "epidemic" peaks. Thirdly, our results are very similar to those recently reported from Sweden where the increase in incidence during the ten year period 1978-1987 was about 25% [11] .
A long latency period from the initial exposure to an environmental triggering factor to overt diabetes has been demonstrated [24] . Such an exposure could possibly occur already in utero [25] . Although we did not reveal any significant birth cohort effect, our results do not exclude the hypothesis of in utero exposure. Neither do they support the view that certain rather abrupt environmental changes such as the start of rubella vaccination of young women in the 1970's or epidemics of common virus infections could have caused the increase in incidence.
Some investigators have proposed that the fall in the duration of breast feeding could be associated with the increase in the risk of Type i diabetes [26] . The Finnish data do not confirm this hypothesis, because the duration of breast feeding has steeply increased among the Finnish mothers since the early 1970's [27, 28] . It is, however, possible that the protective effect of breast feeding is outweighed by other factors. For instance, the use of cow milk formulas may be one of them [29] , and infants often start to receive such formulas while still being breast fed.
The overall incidence in boys was significantly (about 10% ) higher than in girls. The reason for this is unknown. A male excess has also been reported from some other populations, especially where the incidence of Type 1 diabetes is high, whereas in low incidence populations a slight female excess is often found [3, 4] . The age-relation of the risk of Type 1 diabetes was different between boys and girls. The male excess in our data was entirely due to the higher incidence in boys than in girls before the age of 3 years and in particular, after the age of 11 years.
It was interesting to note that the peak in the year 1983 was not only observed in Finland, but also in Sweden [11] , Poland [30] and the Allegheny county, Pennsylvania, USA [10] . Although in some populations the peak was not very prominent, its consistency across the countries may carry some important message about the environmental aetiology of childhood Type i diabetes. In Finland, it has been speculated that a mumps infection epidemic may have contributed to the increasing incidence of Type 1 diabetes in the early 1980's [31] . Viruses have also been speculated to be involved in the incidence peaks observed for instance in Poland [32] and Sweden [11] .
Time trend analyses are needed for a better understanding of the aetiology of Type 1 diabetes. Unfortunately, data are presently only available for a few populations, but in the future through the WHO DIAMOND (DIAbetes MONDiale) study standardized incidence trends will be established in a large number of countries in different parts of the world [33] .
